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1.  Introduction 


W'lUi  (lie  build-down  of  the  mitilary  services  and  the  eniphiL'is  (.ui  maintain¬ 
ing  current  systems,  tlie  area  of  battle  damage  repair  (H1)H|  is  r*-eeiving  renewed 
focus  at  all  levels.  Evidence  of  tliis  is  the  inclusion  of  mainlainahility/BDR 
requirements  in  the  Dcpiartment  of  Defense  (DoD)  Directive  5tKX).l  and  DoD 
Instruction  5000.2.  I  nfortunately.  methodologies  to  ;ts.sess  tlic  impact  of  HDH  on 
individual  system  performance  or  to  perform  BDR  tradeoff  analyses  are  not  well 
developed  or  documented.  Additionally,  there  is  no  uniform  treatment  of  repair 
across  the  services,  or  even  across  mission  areas  within  the  U.S.  .-Vrmy.  Conse¬ 
quently,  a  standard  accounting  of  the  consequences  of  various  levels  of  repair  is 
not  eu.iently  po.s.dblc. 

.As  an  extension  of  the  general  X’ulnerability/Lcthality  (\’/L)  Process  Struc¬ 
ture.  the  Ballistic  X’ulnerahility/Lethality  Division  (B\’LD)  of  the  U.S.  .Army 
Research  Laboratory  (.-VRI.)  has  developed  a  methodology  to  perform  analyses  of 
the  effects  of  BDR  on  an  individual  system's  performance.  Furthermore,  a 
separate  undertaking  by  the  BM^D  will  permit  the  inclusion  of  BDR  analysis  in 
force-level  models  such  as  .LANT'S. 


II.  Background 
1.  The  V/L  Process  Structure  (Taxonomy) 

To  understand  the  BDR  methodology,  one  must  first  understand  the  \’/L 
Process  Structure,  first  dcfiticd  by  Deitr.  (1989)  and  refined  by  W'aibcrt  and  Roach 
(1993),  and  the  Degraded  States  A’ulnerability  Methodology  (.Abell,  Roach,  Starks 
1089),  (.Af)ell,  Burdeshaw,  Ricktor  1991).  .A  brief  discussion  is  provided  here. 

The  b^Lsis  for  the  taxonomy  of  \'/L  Spaces  comes  from  ttic  recognition  that 
\  L  analyses  p:L>s  through  distinct  levels  of  information  in  a  precise  order.  These 
l('V(ds  arc: 


Level  1:  J'hrcal-d'argct  lnlcr;iction.  or  Initial  Coidigurat i(.)n 
(inclinliiig  Initial  C’oiidiiions), 

Level  2:  d'arget  (’omi'oncnt  Dain;ige  .'<t:ites. 

Level  3:  Target  C':ip:ihility  States,  and 

Lev  el  1;  d';!!  gel  Coiiihat  Utility. 

b  roin  the  'I'arget  ('ap:d)iiity  Strttes  can  be  derived  tlie  vairious  nnssion-ori('nt('d 
lo.sses  of  function  such  m-'  "Liicpow er  Loss  of  l-'unctioii  (l.OL)"  ami  "Mobility 
LOF". 
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The  mappings  by  which  one  p:i.‘^scs  from  one  lc\'cl  to  the  next  arc  dcpcMuieiit 
on  difTcrent  kinds  of  information  at  each  level.  I'or  example,  going  iroi.'  Level  1 
to  Level  2  (threat-target  initial  configuration  to  target  damage)  essentially 
involves  idiysic.s:  going  from  Level  2  to  Level  3  (target  damage  to  capability) 
retiuires  engineering  measurement.  The  process  is  shown  pictorially  in  Figure  1. 

It  is  important  at  the  outset  to  ditlerentiate  between  "Levels",  which  arc 
composed  only  of  states  of  existence,  and  the  "mappings",  operators  —  with  the 
data  and  algorithms  to  which  they  have  access  —  which  relate  a  slate  at  one  level 
to  a  state  at  another. 

Level  contains  all  the  information  required  to  deline  the  state  of  tlie  sys¬ 
tem  at  the  associated  stage  of  a  X'/L  analysis/exfierimeiU.  At  each  level,  one  can 
define  a  space  of  points,  each  point  being  a  vector  whose  elements  correspond  to 
the  status  of  a  particular  entity  related  to  the  target.  For  example,  in  Space  2 
(Damage  States),  each  clement  may  refer  to  the  status  of  a  particular 
component/subsystem.  The  spaces  thus  defined  are  the  "X'/L  Spaces",  and 
represent,  at  each  level,  the  state  of  the  target  system. 

.X  Mapping  represents  all  of  the  information  (physics,  engineering,  etc.), 
known  or  unknown,  required  to  associate  a  point  in  a  space  at  one  level  with  a 
I'oint  in  a  space  at  the  next  level.  Mappings  have  access  to  information  such  as: 
fundamental  data  (penetration  parameters  [Level  1  to  Level  2i,  leakage  rates 
[Level  2  to  Level  3j,  etc.):  intermediate  data  generated  by  the  mapping  (linc-of- 
sight  thicknesses  |l  to  2],  temperature  rise  in  an  uncooled  engine  [2  to  3)):  and 
algorithms  (depth  of  penetration  [l  to  2],  fault  trees  [2  to  3j  or  [3  to  d)). 

The  X'/L  exporimontal  and  analytical  piocesses  can  then  be  expressed  as  a 
series  of  mappings  which  relate  a  stale  vector  in  one  space  (the  domain)  to  a 
resultant  slate  vector  in  a  next  higher-level  .space  (the  range). 

Note  that  at  each  tr:uisitlon  to  the  next  lev<d.  some  detail  about  the  target 
system  may  be  lost:  a  broken  bolt  in  Level  2  may  be  the  cause  of  degraded 
mobility  influencing  mission  clfectivencss.  but  at  Level  3,  the  bolt  is  no  longer 
recognized  a.s  an  entity.  It  is  now  widely  acknowledged  I  bat  skipping  over  levels 
(siicli  a-s  inferring  remaining  combat  utility  directly  from  the  size  of  tbc  hole  in 
the  a.rmor)  loses  so  significant  an  amount  of  information  that  contiimity  and 
auditability  arc  lost. 
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Figure  1.  The  Vulnerability/Lethality  Procesa  Structure 


2.  Degraded  States  V'ulneraLility  Methodology  (DS\’^1) 

TIk*  DSXAI  i.'s  :ui  0‘J,3  methodology  wliich  in:ips  tlie  target  damagt'  state 
into  its  remainiin;  caiiabiliiy  state;  it  is  this  met  h('d('ilogy,  aixi  tlu'  dainag'-d  coiii- 
poncnt  information  at  Level  ‘J.  which  allows  the  develoiunent  of  the  BDR  metho¬ 
dology.  As  an  example  t)f  the  DSXAI.  an  armored  fighting  vehicle's  required  e;ijia- 
liilitios  could  he  deserihetl  in  terms  of  a  six-element  vector  (Moliillty,  Firepower, 
Aecpiisition,  Crew.  Communications.  Amtminilion).  Conventional  Degraded 
Stales  (DS)  terminology  refers  to  these  elements  as  "capability  categories";  e.ach 
DS  capability  category  is  further  divided  into  capability  levels  which  define  a  par¬ 
ticular  performance  degradation  (i.e.  reduced  speed,  reduced  accuracy,  etc.). 
Included  within  a  capability  category  are  all  possible  combinations  of  capability 
levels  that  could  occur  simultaneously  and  a  "no  damage"  capability  level.  These 
two  properties  of  the  capability  category  make  the  capability  levels  within  a 
category  both  mutually  exclusive  and  exhaustive.  For  any  set  of  components,  one 
and  only  one  caiiability  level  will  be  satisfied  for  each  capabilil\'  category.  This 
combination  of  capability  levels,  one  from  each  category,  represents  the  degraded 
state  of  tlie  vehicle. 

•Matlieinalical  fault  trees  are  developed  tc>  represent  the  components  and/or 
subsystems  which  contribute  to  the  capability  levels  in  each  capability  category 
(or  element  of  the  \'L3  vector).  'I'liese  fault  trees  con.sist  of  a  list  of  critical  vehicle 
components  that,  if  killed,  result  in  that  particular  capability  level  being  satisfied. 
For  a  pariicuiar  oapabiiity  category,  a  capal'iiity  level  achieved  when  no  uninter- 
rui)ted  path  can  be  traced  from  top  to  bottom  in  the  fault  tree.  The  fault  tree 
path  configurations  can  be  described  as  having  components  arranged  in  series  or 
in  parallel  or  as  some  combination  of  the  two.  If  listed  in  series,  the  loss  of  any 
comp)onent  causes  an  interruption  in  the  path  wlicreas  those  components  listed  in 
parallel  must  all  be  killed  to  interrupt  the  path.  The  components  listed  in  the 
fault  trees  can  represent  eitlicr  a  single  critical  component  or  a  system  of  critical 
components.  The  systems  of  components  are  usually  lieveloped  into  fault  tree 
configurations  during  the  criticality  analysis.  [Note,  a  criticality  analysis  is  a  pro¬ 
cess  where  a  fully  functional  combat  system  is  analyzed  system  by  system  to 
determine  wliich  ones  contribute  directly  to  mission  functions.  Each  system  is 
described  via  a  fault  tree  and.  as  indicated,  is  basically  the  determination  of  1) 
whirh  components,  it  lost,  might  result  in  a  reduction  of  system  capability,  and  2) 
the  structuring  of  these  "critical"  components  into  a  .hiult  tree  format.] 


111.  DDR  Methodology 

Figure  2  de|iicts  the  structure  behind  the  1U)H  met liodology,  laid  out  iii 
terms  of  the  \'/L  taxonomy.  Battle  damage  repair,  or  any  kind  of  repair,  can  be 
niodded  using  tin  \  /L  Process  Structure  approadi  in  the  following  manner, 
(liven  an  initial  set  of  component  damage  at  Level  2.  a  mapping  can  be  per¬ 
formed  (using  the  1)S\  M)  to  determine  the  remaining  eapabililies  of  the  system 
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.It  Level  .  l'hi.s  repreheiil^  tlie  e;ip;iiiility  of  the  system  i;iven  no  re|i;iir  is  per¬ 
formed.  If  one  can  establish  repair  priorities  and  recpiired  repair  times,  one  can 
perform  a  simsitiviiy  anal\sis  to  delermine  the  nsefnlness  of  n-pairs  hy  attemptinj: 
to  do  \vlialev('r  repairs  are  possihle  in  the  allotted  time.  'I'liis  provides  a  second  set 
of  damaged  components,  one  whicli  is  (pccssihly)  a  subset  of  the  original  set. 

I -sing  this  new  damage  comp.onent  vector  (Level  ’J).  a  mapping  is  iierformed  again 
to  determine  the  reitmining  etipal'ilities  of  the  system  gi\'en  the  affected  rcjoiirs. 
After  a  comparison  is  made  between  the  original  set  of  reinainitig  eap.ahilities  ami 
the  new  set  resulting  from  repair,  an  a-ssessnieiit  can  he  made  of  the  usr'fulnc.ss  of 
the  repairs,  i.c.,  what  did  it  gain  the  system  in  terms  of  capabilities. 

.•\  series  of  repairs  can  he  identified,  and  sensitivity  analyses  j'erf(.)rmed.  to 
determine  what  eapabiliiies  the  system  gains  a.s  a  result  of  varying  amounts  of 
rei)air  lime  and  parts  stockage.  These  analyses  can  indicate  what  repairs  are 
necessary  in  terms  of  system  perform.ince,  what  types  of  spare  parts  need  to  he 
sitieked  and  what  the  critical  path  is  in  terms  of  needed  repair.  It  should  he  noted 
that  when  the  repairs  are  attemi'leJ  a  system  may  remain  at  tl;e  same  damage 
point  ;i.s  the  one  before  repairs  were  affected,  i.e.,  not  enough  time  was  allocated. 
Conversely,  a  system  may  be  returned  to  fully  fiinelional  if  all  the  damaged  com¬ 
ponents  were  repaired.  In  addit'on,  the  sensitivity  analyses  may  indicate  whether 
or  lu^t  the  system  can  continue  a  certain  !nis,sit)n,  given  tlic  capal'ilitics  required 
ai'c  available. 

.Another  way  to  view  the  DDK  methodology  is  to  start  at  Level  1  and  iisk 
the  question,  wliat  is  the  system’s  mission  and  what  capabilities  are  needed  to 
accomplish  it?  This  returns  the  .system  to  Level  3  to  determine  whether  or  not 
the  cai>ahilit.ies  are  available.  If  not,  the  path  is  traced  hack  to  Level  2  to  deter¬ 
mine  what  eomponents  are  needed  to  permit  the  functioning  of  the  capabilities 
recpiired  tcT  accomplish  the  mi.s.sion;  this  gives  an  indication  of  what  comiionenls 
need  to  be  repaired. 

I\'.  A  Simple  Application  of  the  BDR  Methodology 

d’o  furl  her  illustrate,  a  simple  exainjile  is  provided.  Information  available 
from  {irevious  DSXAl  analyses  of  the  Ml.Al  Abrams  tank  will  he  used  (Abell, 
Roach.  Starks.  19S9).  (.Abell.  Burdeshaw,  Riekter,  1991).  The  capability 
ealegcules  aiid  leveR  deliiieJ  for  the  Ml.Al  1)S\A1  analyses  are  j'rovided  in  Table 
1  while  the  fault  trees  repiesenting  these  levels  can  be  found  in  Appendix  A. 
.Assume  the  following  eoni|>oncnts  on  the  vtdiiele  have  been  rendered  non¬ 
functional.  either  due  to  conihal  damage  or  reliability  failure:  ilirottle  steering 
housing,  ]iarking  brake  lock,  laser  rangeiinder,  and  the  breech  mech.anism  :L.s,sem- 
hly.  'J'lie  effect  of  these  components,  in  terms  of  1).S\'M  capability  levels,  is  con- 
laineci  in  'I'ahlc  2  while  the  iissocialcd  repair  time  for  each  component  is  listed  in 
Table  3. 


.  Proposed  DDR  Methodology 


Table  1.  MlAl  Degraded  States  Capability  Categories  and  Levels 


Mobility  Capability  Category 
M0-->  No  mobility  damage 
Ml-->  Reduced  speed  (slight) 

M2-->  Reduced  speed  (significant) 

M3-->  Total  immobilization 

Firepower  Capability  Category 

F0-->  No  firepower  damage 

Fl-->  Loss  of  main  armament 

F2-->  Unable  to  fire  on  the  move 

F3->  Increased  lime  to  fire 

F4..>  Reduced  delivery  accuracy 

F5->  Loss  of  secondary  armament 

F6-->  F2  and  F3 

F7»>  F2  and  F4 

FR->  F3  and  F4 

F9-->  F2  and  F3  and  F4 

F10->  F2and  F5 

Fll->  F3  and  F5 

F12-'>  F4  and  F5 

F13->  F2and  F3  and  F4  and  F5 

F14->  F2and  F3  and  F5 

F15-->  F2  and  F4  and  F5 

F16-->  F3  and  F4  and  F5 

F17->  FI  and  F.5  (total  loss  of  firepower) 


Acquisition  Capability  Category 

A0-->  No  aequisition  damge 
Al-->  Reduced  acquisition  capability 
A2-->  Unable  to  acquire  while  moving 
A3-->  A1  and  A2 

Crew  Capability  Category 
C0-->  No  crew  casualties 
Cl-->  Commander 
C2-->  Gunner 
C3-->  Loader 
C4->  Driver 
C5->  Cl  andC2 
C6->  Cl  and  C3 
C7— >  1  and  C4 
C8->  C2  and  C3 
C9->  C2  and  C4 
C10..>  C3  and  C4 
Cll">  Cl  andC2  and  C3 
C12->  Cl  andC2  and  C4 
C13->  C2  and  C3  and  C4 
C14-.>  Cl  and  C3  and  C4 
C15-->  Cl  and  C2  and  C3  and  C4 

Communications  Capability  Category 

X0-->  No  communication  damage 
Xl-->  No  internal  communication 
X2-->  No  external  communication  >  300  ft 
X3”>  No  external  communication 
X4->X1  and  X2 
X5->  XI  and  X3 


Ammo  Capability  Category 
K0-->  No  ammo  lost 
Kl”>  Bustle  ammo  lost 
K2-->  Hull  ammo  lost 
K3->  K1  and  K2 
K4->  K-kill 
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TABLE  2.  Damaged  Components  EfTects  in  Terms  of  DSVM  Capability  Levels 


COMPONENT 

CAPABILITY  LEVEL 

Throttle  Steering  Housing 

M2  -  Significant  reduction  in  speed 

M3  -  Total  Immobilization 

Parking  Brake  Lock 

M2  -  Significant  reduction  in  speed 

Laser  Rangefinder 

Fl  -  Loss  of  main  armament 

F2  -  Unable  to  fire  on  the  move 

F3  -  Increased  time  to  fire 

Fl  -  Reduced  delivery  accuracy 
.\2  -  Unable  to  acquire  while  moving 

Breech  Mechanism  Assembly 

Fl  -  Loss  of  Mam  .Armament 

TABLE  3.  Component  Repair  Times  (in  manhours)* 


Component 

Repair  Time 

Tlirottle  Steering  Housing 

0  7 

Parking  Brake  Lock 

3,0 

Laser  Rangefinder 

0.1 

Breech  Mechanism  Assembly 

1.2 

*Tpchrilcal  Manual,  Maintenance  Allocation  Chart  -  Tank,  Combat, 
Full-Tracked:  120-MM  Gun,  MlAl  General  Abrams  ,  TM  9-23">0-26-l-\L\C. 
Headquarters,  Department  of  the  Army,  February  1985. 


1.  Initial  BDR  Analysis 

For  the  purjjoses  of  this  example,  it  is  assumed  that  all  required  spare  parts 
are  available  and  that  the  tank's  organizational  repair  unit  is  nearby  and  can 
begin  repairs  initneflioicly  (thus,  no  time  is  lo.st  awaiting  repair  personnel  and 
Sparc  i>arts).  It  is  also  tissunifd  that  the  repairs  will  be  performed  sequentially, 
from  shortest  to  longest  time  period.  Since  the  laser  rangefinder  only  requires  0.1 
manhours,  it  is  repaired  first.  Recall  from  Table  2,  that  the  loss  of  this  com¬ 
ponent  causes  the  loss  of  most  firepower  capabilities,  and  some  acquisition  capa- 
I'iliiies,  of  the  lank.  With  rejjair,  the  F2,  F3,  Fl.  and  .'\2  cairabilities  are 
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restored.  However,  the  main  armament  (Fl)  i.s  not  as  the  breech  mechanism 
assembly  ha.s  yet  lo  be  repaired.  Alter  approximately  ‘d-l  minutes,  the  tank  has 
most  of  it’s  firepower  and  acquisition  cajiabilities  restored  but  still  does  not  have 
tlie  use  of  its  main  armament  or  its  mobility  capability.  Repairing  the  throttle 
steering  housing  next,  after  0.7  manhours,  tlie  tank  is  no  longer  totally  immobil¬ 
ized  but  still  has  significant  speed  loss  until  the  parking  brake  lock  is  repaired. 
Based  on  the  repair  times,  the  breech  mechanism  assembly  is  repaired  next,  res¬ 
toring  full  firepower  capability  to  the  system.  Finally,  requiring  3.0  manhours  of 
repair  time,  the  parking  brake  lock  is  repaired,  restoring  the  vehicle  to  full  capa¬ 
bility.  Thus,  if  sequential  repair  is  done,  the  tank  is  fully  functional  again  after 
5.3  manhours. 

2.  Additional  BDR  Sensitivity  Analyses 

If  the  assumptions  are  changf'd.  then  additional  analyses  may  be  conducted 
to  give  further  insight  into  the  problem.  For  example,  if  the  repairs  are  done  con¬ 
currently,  it  would  require  3.0  manhours  to  restore  the  vehicle  to  full  capability 
though  some  capabilities  (such  as  the  firepower  and  acquisition)  would  be  restored 
earlier.  One  may  also  wish  to  examine  only  a  subset  of  the  needed  repairs  -  those 
which  would  enable  the  .system  to  continue  it’s  current  mission.  For  example, 
suppose  our  example  tank  was  in  an  overwatch  position,  where  mobility  was  not 
required.  In  this  case,  the  repair  of  the  parking  brake  lock  and  the  throttle  steer¬ 
ing  housing  could  be  by-passed  in  favor  of  repairing  the  breech  mechanism  assem¬ 
bly  and  the  laser  rangefinder.  These  components  would  enable  the  tank  to  con¬ 
tinue  with  it's  assigned  mission  in  less  than  1.5  hours,  assuming  the  time  until 
mission  continuance  was  reasonal>le.  Of  course,  those  components  not  repaired 
may  affect  the  tank’s  ability  to  do  other  missions.  If,  for  example,  the  tank  must 
subsequently  move,  the  parking  brake  lock  and  the  throttle  steering  housing  must 
first  be  repaired.  This  factor  could  also  be  considered. 

.\noiher  area  which  lends  itself  to  these  types  of  analyses  is  spare  parts 
requirements  and  slockage.  \^'ith  the  012  mapping,  a  series  of  damage  vectors 
can  be  comi)Uted  to  infer  a  distribution  for  the  likeliliood  of  component  damage. 
This  infi^rmation  can  then  lie  used  to  determine  wartime  spare  parts  stockage  for 
the  different  com jionents.  .Additicmal  analyses  can  be  conducted  comfiaring  these 
wartime  requirements  with  those  currently  computed  for  peacetime.  Insights  can 
lie  gained  as  to  whether  or  not  the  wartime  and  peacetime  requirements  are  simi¬ 
lar  and  what  tyjies  of  components,  and  in  what  quantities,  need  to  be  stocked.  If 
the  .system’s  capabilities  are  considered,  one  can  concentrate  on  the  components 
most  likely  needed  for  aiiticl|ialed  missi<  :  s. 

Fiii.ilfv.  a  more  detailed  a[)plic:ition  of  this  methodology  will  be  discussed  in 
a  foilhcomiiig  .MIL  technical  rejiort.  Under  sufiport  of  the  l.I.S.  .Army  Training 
and  Doctrine  (’omrimnd  (TR,-\I)()C)'s  Ordnance  C’enter  :ind  Sc1kk)I  Battle  Dam¬ 
age  Assessment  ami  Repair  (BD.AH)  ollice,  the  approach  iiromulgated  in  this 
icpaut  wa-  applied  tc;  existing  diirnaged  component  information  on  the  Ml.M 
lank  and  tlic  useful ne.'-:.'' of  the  methodology  fliscussed. 


V.  Consistency  with  Other  Analyses 


An  important  side  benefit  to  this  approach  is  its  comparability  with  other 
analyses  performed  in  support  of  the  acquisition  process,  namely, 
vulnerability/lethality  (V/L)  and  reliability,  availability,  and  maintainability 
(R.AM).  As  stated  above,  the  BDR  approach  is  an  extension  of  the  general  V/L 
process  structure.  Using  the  same  structure  for  these  analyses  provides  a  common 
basis  for  comparison.  All  three  analyses  are  concerned  with  non-functional  com¬ 
ponents  and  their  affect  on  system  performance.  The  V/L  process  structure 
approach  provides  explicit  information  on  the  functionality  of  components  (Level 
2);  it  is  immaterial  how  the  component  was  rendered  non-functional.  This  infor¬ 
mation  is  then  directly  related  to  system  performance  via  the  02,3,  mapping  with 
remaining  capability  reported  at  Level  3.  One  can  use  this  approach  to  study  vul¬ 
nerability  or  vulnerability  reduction  concerns,  R.\M  requirements,  and  the  affect 
of  various  repair  considerations.  By  using  the  same  approach  for  the  three  types 
of  analyses  discussed,  a  basis  for  comparison  is  provided  throughout  the  acquisi¬ 
tion  cycle.  The  analyses  are  performed  using  the  same  methodology  and  the 
results  are  reported  in  the  same  metrics.  This  facilitates  comparisons  among 
these  concerns  at  all  junctures  throughout  the  acquisition  cycle. 


VI.  Use  in  Force-Level  Models 

Finally  the  introduction  of  DSVM  metrics  in  force-level  models  will  permit 
explicit  consideration  of  BDR  (and  R.\M)  in  these  models.  A  current  effort 
between  the  BV’LD  and  the  Training  and  Doctrine  Command  (TR.ADOC) 
.Analysis  Ceiitei'  at  White  Sands  Missile  Range  (TRAC-VVSMR)  will  enable  the 
inclusion  of  BDR  concerns  in  force-level  models  such  as  J,A.NUS  and  C.^ST- 
FOREM.  Specifically,  the  B\TD  and  TR.A.C-WSMR  arc  modifying  the  J.VNUS 
and  C.VSTFOREM  models  to  accept  the  DSVAl  metrics  as  well  as  store  the  dam¬ 
aged  component  vectors  available  from  the  Ol2  mapping.  This  work  could  be 
expanded  to  allow  specific  modeling  of  repair  strategies  and  repair  times. 

The  inclusion  of  the  DS\’M  metrics  and  component  information  in  these 
models  will  allow  BDR  to  be  played  directly  in  the  models  and  its  affect  on  the 
systems  and  battle  outcome  to  be  measured  directly.  Specifically,  the  battle  could 
be  played  several  times  employing  various  repair  strategics,  i.c.,  no  repair,  com¬ 
plete  repair,  and  intermediate  levels.  The  overall  affect  on  battle  outcome  can 
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then  be  quantified  and  the  usefulness  of  the  various  strategies  measured.  Sup¬ 
pose,  using  our  example  Ml  tank  again,  wc  devise  the  following  possible  repair 
strategies: 

1.  No  repair; 

2.  Repair  breech  mechanism  assembly  (1.2  hrs)  and  the 
throttle  steering  housing  (0.7); 

3.  Repair  breech  mechanism  assembly  (1.2  hrs),  throttle 
steering  housing  (0.7  hrs)  and  the  laser  rangefinder 
(0.4  hrs); 

4.  Complete  repair. 

The  force-level  model  then  could  be  run  four  times,  playing  the.se  four  strategies. 
Information  could  be  gleaned  on  the  affect  of  the  repair  on  overall  battle  outcome, 
the  timeliness  of  the  repair,  i.e.,  was  it  repaired  in  time  to  have  an  affect  on  the 
outcome,  and  which  strategy  made  the  most  sense  given  mission  of  the  tank. 
Further  analyses  could  be  performed  using  information  on  wartime  parts  stock- 
age;  one  could  examine  spare  parts  availability  given  the  selected  repair  strategy. 

Note,  the  BV'TD/TRAC-WSMR  effort  provides  the  groundwork  for  eventu¬ 
ally  performing  these  kinds  of  repair  analyses.  Additional  work  on  J.ANTIS  and 
CASTFOREM,  beyond  the  current  undertaken,  would  be  required  to  make  repair 
analyses  a  reality  w-ithin  these  force-level  models. 


\1I.  Summary 

Currently,  there  is  no  uniform  treatment  of  repair  across  the  tri-services  or 
even  across  combat  arms  w'ithin  the  .A.rmy.  The  BDR  methodology  presented  in 
this  report  solves  the  problem  and  provides  auditability  and  consistency  of 
results.  It  also  provides  an  approach  whereby  a  standard  accounting  of  conse¬ 
quences,  in  terms  of  performance  and  cost,  of  various  levels  of  repair  can  be 
determined;  this  permits  uniform  comparisons  across  the  ntission  areas. 

As  this  report  indicates,  there  are  a  number  of  analyses  that  can  be  per¬ 
formed.  One  can  investigate  concurrent  versus  sequential  repair  priorities  and 
organizational  versus  crew  rc|)airs;  one  might  also  investigate  expedient  repairs 
that  may  enable  the  vehicle  to  continue  more  quickly  its  current  mission.  Addi¬ 
tionally,  the  problem  of  peacetime  versus  wartime  spare  parts  stockage  require¬ 
ments  can  be  addressed  in  detailed.  Furthermore,  analyses  can  be  performed 
investigating  the  full  gamut  of  repairs,  or  concentrating  only  on  those  repairs 
which  will  allow  continuation  of  a  given  mission. 
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White  Sands  Mtssilc  Range,  NM  88002-5513 

U.S.  Naval  Weapons  Center 

ATTN:  David  H.  Hall,  Code  3181 

Melvin  H.  Keith,  Code  35104 

Tim  Horton,  Code  3386 

China  Lake,  CA  93555-6001 
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No.  of 

Copies  Organization 


1  Naval  Postgraduate  School 

Department  of  Aeronautics  and  Astronautics 
ATTN:  Professor  Robert  E.  Ball 
Monterey,  CA  93943 

1  Commander 

Naval  Air  Systems  Command 
ATTN:  Philip  Wetnberg 
JTCG/AS5 
AIR-516J5 

Washington,  DC  20361-5160 

1  Commander 

GSM-ALC/H  lED  (CPT  O'Connell) 
McClellan  AFB,  CA  95652 

1  Commander 
ASB/XRM 

ATTN:  Gerald  Bennett 
Martin  Lentz 

Wright-Pauersen  AFB,  OH  45^33 

1  Commander 
FTD/SDMBU 
ATTN:  Kevin  Nelson 
Wright-Pauerson  AFB,  OH  45433 

1  Commander 
FTD 

ATTN:  Tom  Reinhardt 
Wnghl-Paucrson  AFB,  OH  45433 

1  Commander 
FTD/SDAEA 
ATTN:  Joe  Sugrue 
Wnght-Pauerson  Ara,  OH  45433 

1  Commander 
AFWAL/AARA 
ATTN:  Vincent  Vcltcn 
Wnght-Pauerson  AFB,  OH  45433 

1  Commander 

WIVFIVS,  D.  Voyls 
Wnghl-Paucrsofi  AFB,  OH  45433 

1  Commander 

Air  Force  Armament  Laboratory 
ATTN:  AFATL/DLY,  James  B.  Flint 
Eglin  AFB,  FL  32542-5a>0 


No.  of 

Copies  Organization 


1  Dirctor 

U.S.  Army  TRADOC  Analysis  Command 
ATTN:  ATRC 

White  Sands  Missile  Range,  NM  88002-5502 
1  Director 

U.S.  Army  TRADOC  Analysis  Command 
ATTN:  ATRC-LS,  Mr.  Grcenhill 
Fort  Lee.  VA  23801-6140 

1  Commander 

U.S.  Army  Combined  Arms  Combat 
Development  Activity 
ATFN:  ATZL-CAl-S. 

Fort  Leavenworth,  KS  66027-5300 

1  Commander 

U.S.  Army  Combined  Arms  Training  Activity 
ATTN:  ATZL-TAS-P,  MAJ  Smith 
Fort  Leavenworth,  KS  66027-7000 

1  Commandant 

U.S.  Army  Air  Defense  Artillery  School 
ATTN:  ATSA-DTN-SY 
Fort  Bliss.  TX  79916-7090 

I  Commandant 

U.S.  Army  Air  Defense  Artillery  School 

ATTN:  ATSA-CDC 

Fort  Bliss,  TX  79916-7090 

1  Commandant 

U.S.  Army  Armor  School 
ATTN:  ATS  B  CD 
Fort  Knox,  KY  40121-5215 

1  Commandant 

U.S.  Army  Chemical  School 
ATTN:  ATZN 

Ft.  McClellan,  AL  30205-5020 

1  Commandant 

U.S.  Army  Field  Artillery  School 

ATTN:  ATSF 

Fort  Sill,  OK  73503-5600 


19 


No.  of 

Copic.s  Organi/jlion 


No.  of 

Copic.^  Orgnni/jtion 


1  Comniandanl 

U.S.  Anny  Ordnance  Missile  and  Munitions 
Center  and  School 
ATTN:  ATS K -CD 
Redstone  Arsenal,  AL  35897-^500 

1  Commander 

U.S.  Army  Signal  Center  and  Fort  Gordon 

ATTN:  ATZH-CDC 

Fort  Gordon,  GA  30905-5000 

1  Assistant  Commandant 

U.S.  Army  Trans-portaiion  School 

ATTN:  ATSP-CDC 

Fort  Eustis,  VA  23601-5393 

1  Commander 

HO  U.S.  Army  Aviation  Center  and  Fort  Rucker 

ATTN:  ATZQ-CDC 

Fort  Rucker,  AL  36362-5000 

1  Commander 

HQ  U.S.  Army  Aviation  Center  and  Fort  Rucker 
ATTN;  ATZQ-TDS-SM 
Fort  Rucker.  AL  36362-5000 

1  Director 

U.S.  Army  Concepts  Analysis  Agency 
8120  Woodmont  Ave. 

Bcihc,sda,  MD  20814-2797 

1  Institute  for  Defense  Analyses  (IDA) 

ATTN;  Mr.  Irscin  A.  Kaufman 
1801  N.  Beauregard  St. 

Alexandna,  VA  22311 

1  Institute  for  Defense  Analyses 

ATTN:  Carl  F.  Kossack 
1(X)5  Athens  Way 
Sun  City.  FL  33570 

1  Institute  for  Defense  Analyses 

ATTN:  Dr.  Natarajan  Subramonian 
14309  Hollyhock  Way 
Burtonsville.  MD  20866 


1  ADPA 

ATTN:  Donna  R  Alexander 

Two  Colonial  Place,  Suite  4(X) 

2101  W'llson  Blvd. 

Arlington,  VA  22201-3061 

1  Dale  Atkinson 

7703  (2arrlcight  Parkway 
Springfield,  VA  22152 

1  AFELM,  The  Rand  Corporation 
ATTN:  Library-D 

1700  Mam  Sl 

Santa  Monica,  CA  90406 

2  Air  Force  Wnght  Aeronautical  Labs 
ATTN;  CDJ, 

CPT  Jost 
Jo.scph  Faison 

Wnghi-Paticrson  AFB.  OH  45433-6523 

1  Anr.orerl  Vehicle  Technologies 

ATTN:  Coda  M.  Edwards 
P.O.  Box  2057 
Warren.  Ml  48090 

1  ASI  Systems,  Intcmauonal 

ATTN:  Dr.  Michael  Stamatclatos 
3319  Lone  Jack  Road 
Encinitas.  CA  92024 

1  Battcllc  Research  Laboratory 

ATTN:  TACTEC  Library,  J.  N,  Huggins 
505  King  Ave. 

Columbus.  OH  43201-2693 

1  Baucllc  Research  Laboratory 

Defense  and  Space  Systems  Analysis 
ATTN:  Dr.  Richard  K.  Thatcher 
505  King  Ave. 

Columbus.  OH  43201-2693 

1  Batiellc 

Edgcwocxl  Operations 
ATTN:  Roy  Golly 
2113  Emmorton  Park  Road 
Edgewood,  MD  21040 
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No.  of 

Copies  Organization 


No.  of 

Copies  Organization 


1  The  BDM  Corporation 

ATTN:  Edwin  J.  Dorchak 
7915  Jones  Branch  Dnve 
McLean,  VA  22102-3396 

1  Bell  Helicopter,  Textron 

ATTN:  Jack  R.  Johnson 
P.O.  Box  482 
Fort  Worth.  TX  76101 

3  BMY,  Division  of  Harsco 

ATTN:  William  J.  Wagner.  Jr. 

Ronald  W.  Jenkins 
Ed  Magalski 
P.O.  Box  1512 
York.  PA  17404 

1  Board  on  Army  Science  and  Technology 

National  Research  Council 
Room  MH  280 
2101  Constitution  Avc.,  NW 
Washington.  DC  20418 

1  Booz-Allcn  and  Hamilton,  Inc. 

ATTN:  Dr.  Richard  B.  Benjamin 
Suite  131,  4141  Colonel  Glenn  Highway 
Dayton,  OH  4543! 

1  Booz.-Allcn  and  Hamilton,  Inc. 

ATTN:  Lee  F.  Mallcti 

1300  N.  17th  St.,  Suite  1610 
Rosslyn,  VA  22209 

2  Booz.-Allcn  and  Hamilton,  Inc. 

ATI7S:  John  M.  Vice 
WRDC/FIVS/SURVIAC 
Bldg  45.  Area  B 

Wrighl-Paacrson  AFB.  OH  454  3  3-65  53 
1  Commander 

Combined  Arms  Combat  Development 
ATTN:  AIZL-CAP,  LTC  Morrison 
Director,  Sur\'  Task  Force 
Fort  Leavenworth,  KS  66027-5300 

1  Commander 

Combined  Arms  Comba;  Development 
ATTN:  ATZL-HFM.  Dwain  Skelton 
Fort  Leavenworth,  KS  66027-53(X) 


1  Commander 

Cardcrock  Division 

Naval  Surface  Warfare  Center 

ATTN:  Code  1210,  Seymour  N,  Goldstein 

Bethesda.  MD  20084-5000 

1  Denver  Research  Institute 

BW  228 

ATTN:  Lawrence  G.  Ullyail 
2050  E.  lliff  Ave. 

Denver,  CO  80208 

1  FMC  Corporation 

ATTN:  Sidney  Kraus 
1105  Coleman  Ave.,  Box  1201 
San  Jose,  C A  95108 

1  FMC  Corporation 

ATTN:  Ronald  S.  Beck 
881  Martin  Ave 
Santa  Clara.  CA  95052 

I  BDM  International 

ATTN:  Mr.  Steve  Church,  FX2B307 
7915  Jones  Branch  Drive 
McLean,  VA  22102-3396 

1  BDM  Inicmaiioml 

ATTN:  Mr.  Tom  Hooker,  FF2B304 
7915  Jones  Branch  Dnve 
McLean,  VA  22102-3396 

1  General  Dynamics  Land  Systems 

ATTN:  MZ  4362055,  Gary  Jackman 
P.O.  Box  2074 
Warren,  Ml  48317 

1  General  Dynamics  Corporation 

ATTN:  MZ-2650,  Dave  Bergman 
P.O.  Box  748 

Fort  Worth,  TX  76101-0748 

1  California  Institute  of  Technology 

Jet  Propulsion  Laboratory 
ATTN:  D.  Lewis 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
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No.  of  No.  of 

Copies  OrEani7.ation  Copies  Organization 


1  Kaman  Sciences  Corporation 

ATTN:  Timothy  S.  Pendergrass 
600  Boulevard  South,  Suite  208 
Huntsville,  AL  35802 

1  Ketron,  Inc. 

ATTN:  Robert  S.  Bennett 

901  Du'ianey  Valley  Road,  Suite  220 

Baltimore,  MD  21204-2600 

1  Logistics  Management  Institute 

ATTN:  Jerry  Wallick 
6400  Goldsboro  Road 
Bethesda,  MD  20817-5886 

1  Oklahoma  State  University 

College  of  Engincenng,  Architecture 
and  Technology 

ATTN:  Thomas  M.  Browder,  Jr. 

P.O.  Box  1925 

Eglm  AFB,  Fl,  32542 

1  Southwest  Research  Institute 

ATTN:  Marun  Goland 
P.O.  Drawer  28255 
San  Antonio,  TX  78228-0255 

1  Sparta,  Inc. 

ATTN:  David  M.  McKinley 
4901  Corporate  Drive 
Huntsville,  AL  35805-6201 

1  SRI  Inutmauonal 

ATTN:  Donald  R.  Curran 
333  Ravenswood  Avc. 

Menlo  Park,  CA  94025 

1  TASC 

ATTN:  Richard  E.  Kinslcr 
1992  Lew  s  Turner  Boulevard 
Fort  Waltcn  Beach,  n<  32548-1255 

1  SURVICE  Engineering 

ATTN:  Jirn  Foulk 
Suite  103 

1003  Old  Philadelphia  Road 
Aberdeen.  MD  21001 


1  Mr.  Abraham  Golub, 

DA  Consultant 

203  Yoakum  Parkway,  Apt.  607 
Alexandria,  VA  22304 

1  Mr.  Dave  Hardison, 

ASB  Consultant 
3807  Bent  Branch  Road 
Falls  Church.  VA  22041 

1  LTGEN  Howard  W.  Leaf 

USAF  (Retired) 

8504  Brook  Road 
McLean,  VA  22101 

1  Dr.  Roy  A.  Lucht 

Group  M-B,  MS-J960 
Los  Alamos,  NM  87545 

1  Coleman  Research  Corporation 

ATTN:  GEN  Glenn  Otis  USA  (Ret) 
5950  Lakehurst  Dr. 

Orlando.  FL  32819 

1  MG  Peter  G.  Olcnchuk  (USA  Ret), 

BAST  Consultant 
6801  Baron  Road 
McLean,  VA  22101 

1  Harry  Reed,  Sr., 

Bauelle  Consultant 
138  Edmund  St. 

Aberdeen,  MD  21(X)1 

1  Mr.  Arthur  Stein, 

BAST  Consultant 
30  Chapel  Woods  Court 
Wilharnsville,  NY  14221-1816 
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No.  of 

Copies  OrBani72tion 


Aberdeen  Proving  Ground 

5  Dir.  USAMSAA 

ATTN:  AMXSY-A.  W.  Clifford 
AMXSY-G.  J.  Kramar 
AMXSY-J,  A.  UGrange 
AMXSY-L.  J.  McCarthy 
AMXSY-L.  M.  K.  Steiner 

5  Cdr.  USATECOM 
ATTN:  AMSTE-CG 

AMSTE-TA-L. 

N.  Harrington 

6  Cdr.  USAOC&S 
ATTN:  ATSL-DES 

ATSL-DTD-CM 

ATSL-CD-TE 

ATSL-CD-BDAR  (Hoy)  (3  cp) 

25  Dir.  USARL 

ATTN:  AMSRJ-  SL-B. 

Dr.  Paul  H.  Deiu  (4  cp)(328) 
AMSRL-SL-BA, 

Dr.  James  N.  Walbert  (1065) 

Mr.  Ronald  Bowers  (1065) 

Mr.  Mark  Burdeshaw  (1065) 

Mr.  Stephen  Polyak  (1065) 

Ms.  Lisa  K.  Roach  (3  cp)(1065) 

Mr.  Robert  Wallher  (1065) 

Mr.  Wilbur  Warfield  (1065) 

Mr.  Earl  Weaver  (1065) 
AMSRL-SL-BG. 

Mr.  John  Abell  (238) 

Mr.  Daniel  Kirk  (238) 
AMSRL-SL-BL, 

Mr.  Dennis  Bely  (328) 

Ms.  Stephanie  Juarascio  (328) 
AMSRL-SL-BS. 

Mr.  Rick  Groie  (328) 

Mr.  John  Jacobson  (328) 
AMSRL-SL-1. 

E>r.  Michael  W'.  Starks  (328) 
AMSRL-SL-BV, 

Mr.  Ed  Davisson  (247) 

Ms.  Jill  H.  Smith  (247) 
AMSRL-SL-N. 

Mr.  William  Hughes  (2  cp)(E3331-EA) 
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USER  EVALUATION  SHEET/CHANGE  OF  ADDRESS 


This  Laboratory'  undertakes  a  continuing  effort  to  improve  the  quality  of  the  reports  it  publishes.  Your 
commcnls/answers  to  the  items/quesiions  below  will  aid  us  in  our  efforts. 

1 .  ARL  Report  Number  ARL-TR-330 _ Date  of  Report  January  1993 _ 

2.  Date  Report  Received _ 

3.  Does  this  lepoit  satisfy  a  need?  (Comment  on  purpose,  related  project,  or  other  area  of  interest  for 

which  the  report  will  be  used.) _ 


4.  Spccincally,  how  is  the  report  being  used?  (Information  source,  design  data,  procedure,  source  of 
ideas,  etc.) _ 


5.  Has  the  information  in  this  report  led  to  any  quantitative  savings  as  far  as  man-hours  or  dollars  saved, 
operating  costs  avoided,  or  efficiencies  achieved,  etc?  If  so,  please  elaborate. _ 


6.  General  Comments.  Vr'hat  do  you  think  should  be  changed  to  improve  future  reports?  (Indicate 
changes  to  organization,  technical  content,  format,  etc.) _ 


Organization 


CURRENT  Name 

ADDRESS  _ 

Street  or  P.O.  Box  No. 


City,  State,  Zip  Code 

7.  If  indicating  a  Oiange  of  Address  or  Address  Correction,  plca.se  provide  the  Current  or  Correct  address 
above  and  the  Old  or  Incorrect  address  below. 


Organization 


OLD  Name 

ADDRESS  _ 

Street  or  P.O.  Box  No. 


City,  State,  Zip  Code 


(Remove  this  sheet,  fold  as  indicated,  tape  closed,  and  mail.) 
(DO  NOT  STAPLE) 


Department  of  the  Army 


ofrcial  business 


BUSINESS  REPLY  >LL1L 
RMi  mss  Ptaw  h  imi.  w,  w 

Pasuge  «*ill  be  s*id  by  eddfessee 


Director 

U.S.  Army  Research  Laboratory 
ATTN;  AMSRL-OP-CI-B  (Tech  Lib) 
Aberdeen  Proving  Ground,  MD  21005-5066 


